Abstract. Due to imbalance of road capacity and traffic volume, so traffic congestion will be occurred either along the road and intersection. Demak Ijo intersection is one of signalized junction located in the western part of Yogyakarta with high traffic volume so traffic congestion is frequently occurred. The aim of this study is to analyze the performance of existing traffic condition and then estimate the congestion cost at signalized intersection by modeling (simulation) using Vissim 9. The analysis results show that existing traffic condition is in very bad condition (level F), average delay of 80 seconds, average queue length of 48.73 meters with congestion cost is about Rp. 2,830,336 per hour.
Introduction
Congestion is one of significant transportation problems in many urban roads in Indonesia. Traffic congestion will be occurred either along the road and intersection due to imbalance the road capacity and traffic volume. In addition, mostly congestion will generate problems such as the reducing of vehicle speed that lead to the increasing of travel time, higher operating cost, and negative impact to the environment like air pollution produced by motorized vehicle.
The congestion will increase the transportation cost. As stated by Stubs in Sugiyanto [1] , the cost of congestion is a relationship between speed and flow on the road and the relationship of speed and vehicle operating cost. It means when the existing traffic flow is increased hence the average traffic speed will decrease. Since the speed of vehicle is slower so the travel time is longer and then lead to the higher vehicle operating costs.
In general, the transportation in Yogyakarta is mixed traffic and overloaded on some road segments. It is due to the average growth of private vehicle in Yogyakarta city is 4.04% per year [2] . Demak Ijo intersection is one of the signalized junction which is located in the western part of Yogyakarta with high traffic volume where traffic congestion is frequently occurred. Therefore, this study attempts to analyze the congestion cost as a result of the low traffic performance at signalized intersection.
Literature review
Congestion is defined as the impedance vehicles impose on each other, due to the speedflow relationship, in conditions where the use of a transport system approaches its capacity [3] . Tzedakis [4] stated that the theory of congestion cost was not based on the concept of homogenous traffic and the relationship of speed and flow. The congestion cost is the quantification of delay cost and changes in vehicle operating cost caused by slow traffic. In addition, Nash in Basuki and Siswandi [5] highlighted that congestion cost is a travel expense due to traffic delay or additional vehicle volume approaching or exceeding road service capacity. Verhoef in Sugiyanto [2] defined the congestion cost as representation of the difference of marginal social cost (MSC) to marginal private cost (MPC). Some studies related to congestion cost have been conducted by Tzedakis [4] , Basuki and Siswadi [5] , and Sugiyanto [3, 6] . Mostly studies focused on congestion cost that were occurred in road segment.
Theory of Tzedakis [4] highlighted the congestion cost resulted by slow traffic by time period (i.e. per hour) that can be estimated by considering the followings: 1) Slow vehicle (traffic) due to congestion will cause the delay of fast vehicle; 2) As a result the queuing time will be occured on the road segment or intersection;
3) The expected value of the sum queuing time of fast vehicle impeded by the slow one is then estimated; 4) Based on the expected value of the sum queuing time, the expected value of delay costs and the change in vehicle operating costs are then quantified; 5) These costs per hour are then estimated by multiplying the costs per slow vehicle journey by the hourly number of slow vehicle journeys; 6) The formula to calculate the congestion cost is as written on equation 1
C = N * [G A + (1 -) V'] T
(1) where:
The Vehicle Operating Cost (VOC) in Yogyakarta can be calculated using formula proposed by Sugiyanto [6] as written in equation 2 below.
where V = vehicle speed (Km/Hour) Vehicle Time Value is estimated by using Table provided by Indonesian Highway Capacity Manual (1995) as described on Table 1 below. 
Methods
The method applied in this study is as illustrated on Figure 1 . Primary and secondary data collection have been conducted in order to obtain traffic data, cycle time (of traffic light), geometric data, road condition, vehicle speed, traffic volume, etc. These data are then utilized in traffic modeling/simulation by using software Vissim 9. The considerations are taken into account to the minimum congestion cost, queue length and delay, but the highest Level of Service (LOS).
Figure 1. Research method
The study was conducted at signalized intersection of Demak Ijo, Godean Street, Sleman, Yogyakarta as shown in Figure 2 and 3. Traffic data utilizing in this study was collected by Umar [7] , which was carried out for 12 hours on weekday at 06.00 up to 18.00 WIB. Moreover, in order to determine the geometric data at intersection, cycle time, road 
The existing phase condition
The existing phase condition at Demak Ijo intersection can be seen in the Table 2 below. The total cycle time is 148 second for all arms. Cycle Time (second) 148
The traffic volume at peak hour
The survey of traffic counting was conducted by Umar [7] in the period of 12 hours starting from 06.00 up to 18.00. However, the data used for modelling the traffic at intersection is selected only during the peak hour (06.15.-07.15). The traffic volume at peak hour obtained from the survey is as illustrated in Tabel 3. 
Stages of traffic modeling by using Vissim 9
In general, the stages of traffic modeling using software Vissim 9 as illustrated in Figure 4 , which consist of input data, analysis, and obtain the output. 
Output data of Vissim 9
The output resulted from simulation using software Vissim 9 is as shown in Table 4 . It can be seen from the table that the maximum vehicle delay occured is 232 second and the longest queing is 214 meter at west arm with level of service F (very bad). 
Travel time value (V)
The time value is calculated using the study of Indonesian Highway Capacity Manual (1995) as illustrated in 
Congestion cost analysis
The total congestion cost at Demak Ijo intersection in existing condition can be seen on Table 6 below. The total congestion cost at the junction is Rp. 2,830,336 per hour. Table 6 . Total Congestion Cost for Existing Condition at Demak Ijo Intersection
Conclusions
By considering the analysis results of simulation using software VISSIM 9 for signalized intersection of Demak Ijo, Godean, Sleman, Yogyakarta, it can be concluded as follows. 
